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VYSOKHOi  TEMPERiTURAKH) 

by 
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In  this  report  is  described  the  installation  (experimai tal)  built  for 
the  purpose  of  determining  the  coefficient  of  heat  conduction,  electro  coiiiuc 
tion  and  their  tatios  for  metals  and  alloys  in  the  field  of  high  temperatures 
(900  -  2200  C),  Data  are  presented  on  the  temperature  dependence  of  heat  conduc 
tion  and  specific  electric  resistance  of  tungsten  and  graphite,  and  given  are 
also  the  values  of  tae  V/i edema n-Prantz  ratio  in  a  wide  range  of  temperatures. 
Empirical  formulas  are  presented  to  calculate  th“  heat  conduction  of  tungsten 
and  graphite  in  relation  to  temperature.  A  comparison  was  loid  e  with  the  avail 
able  literature  data, 

Dta  on  heat  conduction  and  electro  conduction  of  metals  and  alloys  have 
greater  applied  and  theoretical  value.  They  appear  to  be  fundamental  for  sol 
ving  numerous  problems  pertaining  to  the  physics  of  metals.  Of  considerable  in¬ 
terest  are  the  itivestigationsof  metals  in  the  field  of  high  temperatures.  But 
up  until  now  there  are  only  few  counted  reports  on  the  heat  conduction  of  high 
melting  metals.  The  values  of  the  thermal  constants  at  high  temperatures,  ob¬ 
tained  by  various  authors,  show  considerable  dicrepancies ,  and  in  many  instan 
ces  they  plainly  contradict  each  other. 

Table  1  contains  available  literature  values  for  heat  conduction  of  tung¬ 
sten,  According  to  data  by  Worting,Swicker  and  Porsyte  1  the  coefficient  of 
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of  heat  conduction  W  in  the  range  of  1000  -  2200  C  rises  slowly  with  temperature* 
A  much  recent  investigationtcarried  out  by  Osborn  2  shows  a  different  dependence 
of  heat  conduction  upon  temperature.  In  many  other  literature  sources]  3i4 '' 
given  values,  which  differ  by  a  full  magnitude  from  the  data  of  above  mentioned 
authors. 


_ Table  1. _ 

Literature  source  Heat  conduction  of  Tungsten  (cal/cm,degr»sec) 

_ at  temperatures  -C!-gJ _ 


1000  1200  1400  1600  1800  2000  2200 


Worting 

0.220 

0.223 

0.255 

0.279 

0.303 

0.327 

0.349 

Swickel 

- 

— 

- 

0.298 

0.312 

0.324 

0.331 

Worting-Forsyte 

- 

0.236 

0.247 

0.259 

0.268 

0.278 

0.288 

Os torn 

0.273 

0.266 

0.258 

0.251 

- 

- 

- 

Technology  of  higher 
temperatures 

3.79 

— 

4.90 

The  purpose  of  this  investig'ation  is  to  study  the  temperature  dependence  of 
the  coefficient  of  heat  conduction  and  specific  electric  resistance  of  tungsten 
and  s-raphite  in  a  temperature  range  of  ^00-^200  C, 

Investigation  Method 

To  determine  heat  conduction  coefficient  was  employed  a  method , described  by 

us  previously  *5  •  If  ^  short  and  long  rod  of  one  and  the  same  diameter  and  chem 
are 

ical  composition  lx  heated  with  electric  current  in  vacuo  to  an  identical  tern 
perature  then  for  heating  the  short  rod  (on  account  of  additional  heat  loss  at 
the  tips)  requires  hirher  amperage.  On  the  basis  of  this  it  is  possible  to  com 
pute  the  heat  conduction  of  thematerial: 

iS*  AT 

where  '  -  coefficient  of  heat  conduction;  -  specific  electric  resistance; 

S  -  transv erase  cross  sectional  are  of  samples;  T  -  temperature  differential 
along  the  len<7th  x,  I-amperage  necessary  for  heating  the  short  rod,  and  - 
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the  investigated  material  were  fastened  in  water  cooled  clamps, one  of  which  couM 
shift  around  freely  under  the  effect  of  thernml  expansion  of  the  investigated  bar 
^ecause  of  this  arrangement  deformation  of  the  sample  in  the  prooes*s  of  experimen 
tation  was  practically  elitiinated.  The  spacing  between  the  clamps  could  vary  in 
wide  intervals  (from  0  to  150  mm).  To  the  sample  were  applied  two  molybdenum  or 
tungsten  probes  which  allov/ed  to  meastare  voltage  drop  at  definite  distance.  This 
entire  system  in  vertical  arrangement  was  situated  in  a  vacuum  chamber  the  working 
vacuum  in  which  was  no  lower  than  1»10“'5  mm  Hg. 

To  determine  voltage  and  amperage  drop  the  P-56  type  AC  potentiometer  was 
used.  The  tenperatvire  was  measured  with  the  OIPIR-09  optical  pyrometer  which  was 
ri^dly  fixed  to  the  trolley  of  KM-6  cathetometer  (fig.l).  This  enabled  to  use 


MCL-1165/14>2 


3 


the  cathetometer  scale  diirinp  the  meaaijrement  of  tonperature  distribution  along 
the  sample  and  during  the  determination  of  distance  between  probes  as  well# 

To  increase  the  temperature  measuring  accuracy  the  pyrometer  was  reconstructed 
somewhat.  The  voltage  drop  on  the  pyrometer  tube  was  measured  by  the  compensation 
method  with  the  aid  of  a  potentiometer.  In  addition  a  thorough  calibration  was 
made  over  the  entire  range  of  temperatures  up  to  the  point  of  absolutely  black 
body,  the  temperature  of  which  was  measured  up  to  I500  with  a  plat inorhoditun— plat 
inum  thermo  couple,  and  at  much  higher  temperatures  with  the  TSNIICHM-1  thermo 
couple. 

Voltage  stabilization  was  realized  by  means  of  a  specially  developed  stabi 
lizer  on  the  basic  of  AOSK-IO/05  auto-transformer . 

•  n  the  short  sample  near  the  center  the  temperature  distribution  is  subject 

to  parabolic  law  b  «  In  our  ov;n  case  5 

Consequently, to  determine  the  heat  conduction  coefficiept  it  was  sufficiait 

and 

to  plot  the  dependence  T  upon  IT  by  the  tangent  of  the  angle  of  inclination  of 
the-  str  i-'ht  line  to  determine  f('),ani  then  compute  the  magnitude  lambda.  As 
is  evident  from  fig, 2,  the  experimental  points  are  well  disposal  on  the  straight 
line, which  confirms  the  square  dependence  of  temperature  upon  the  coordinates  . 
Cuch  a  method  of  determining  temperatirre  differential  T  raises  to  a  large  ex¬ 
tent  the  measuring  accuracy.  The  error  of  measuring  lambda  does  not  exceed  6^, 

In  the  role  of  investigated  materials  was  selected  spectrally  pure  graph! 
te  and  tungsten  wire  with  diameter  of  1  to  2,2  mm.  The  species  after  preparation 
were  precalcined  in  high  vacuum  at  temperature  of  ITOO"  C  for  a  period  of  1  hr. 
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Measurement  Results 


The  tempe  ature  dependence  of  the  coeffi6ient  of  heat  conduction  and  spe 
cific  electric  resistance  of  tunpisten,  is  presented  in  fip,3.  As  is  evident 
from  this  drawingiheat  conductiin  decreases  with  rise  in  temperature twhich  is 
in  conformity  with  Osborn  2  resiklts. 


. But  in  our  case  the  heat  conduct  ion/tem 
X^KanlcM'Zpa^ctii  q-IO^.om-ch 


Fir.3*Teinperature  dependence  of  heat 
conduction  lambda  feurve  2)  arxi  speci 
fic  electric  resistance  rho  (curve  1) 
of  tungsten. _ 


peratxu-e  dependence  is  not  subject  to  lin 
ear  law.  According  to  the  absolute  valtie 
the  coefficient  of  heat  conduction  is  close 
to  heat  values  .obtained  by  V/ortingtSwicker 
and  Forsyie  1  and  Osborn  2  and  is  in  no 
a,o:reement  with  data  listed  in  literattire 
3*4  •  v;hich  in  our  opinion  are  erroneoiis. 
The  specific  electric  resistance  (cvirve  1 
fifr.3J  with  the  rise  in  temperature  in¬ 
creases  from  29 ,8  (900  )to  77 *3  microhms. 


cm  (2200  ) . 


From  the  obtained  data  on  heat -and  electro-conduction  of  tungsten  were  calcu¬ 
lated  the  values  of  the  V/iede  nun -Frantz  tatio  for  various  temperatures  over  the 
entire  irvestie^ated  refjion.  The  Lorentz  ntanber  exceeds  the  theoretical  value 
and  depends  slit^htly  upon  temperature  (see  table  2), 


Table  2. 


pi 

0 

0 

W 

r  ..  H  .  OM 

T.-’C 

W  •’I—' 

,,  s  BT  .  OM 

rpaa 

900 

2.91  ' 

1600 

2,72 

1000 

2.K3 

1700 

2.71 

IKK) 

2.79 

18U0 

2.72 

1200 

2.74 

1900 

2,72 

1300 

2,73 

2000 

2,73 

1400 

2.72 

2100 

2,74 

1500 

2.72 

2200 

2.77 

I 

i) 
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(see  page  6a  for  Figure  4) 

The  temperature  dependence  of  the  heat  conduction  coefficient  for  graphite  is 
shown  in  fig,4.  By  the  order  of  magrnitude  oiir  data  are  in  good  agreemait 

with  the  literatTxce  data  3  ,A  more  accui'ate  comparison  has  no  sense  because 
the  properties  of  graphite  depend  to  a  large  decree  upon  the  method  of  its  der 
ivation  etc.  The  specific  electric  resistance  of  graphite  rise  with  the  rise 
in  temperature  and  in  tiie  zone  of  high  tenpeiatures  (above  I50O  8)  it  changes 
in  accordance  v/ith  tlie  law  close  to  linear.  ' 

The  obtained  expe.  imcntal  results  on  thethermal  progress  of  heat  conduc¬ 
tion  coefficients  of  tungsten  and  o-raphite  are  well  described  by  carves 

lambda  =  a  ^  bT  ,  cT^ 

V.’hen  the  heat  conduction  coefficient  of  tun,<’3tcn  is  determined  by  the 
mathccBtical  method  in  tir  range  of  temperatures  of  from  9OO  -  2200  C  it  is 
possible  v;ith  a  sufficient  degree  of  accuracy  to  use  the  dependence 
lambda  =  O.36I  -  1.17-10-4  T-  2.32*  10"®  T^ 

To  calculate  heat  conduction  for  graphite  at  temperatures  of  90O  -  2000’ C 
on'’  can  recommend  the  following  fon.tula 

lambda  =  0.12  -  0,547*10"^  T  1.42'10"®  T^ 

For  the  purpose  of  compar-ison  table  3  contains  values  of  heat  conduction 
coefficient  for  tungsten  and  graphite  at  various  temperatures  .obtained  experi 
mentally  and  calculated  by  above  mentioned  formulas, 

_ _ _ Table  ^ _ 

Temper,  C  _ 

_ T; 

_ Exper, 

(see  page  6a  for  remainder  of  Table) 

h)CL'  tjl  / 


Heat  conduction  (ca 


r.gsten  _ 

Calcul 


_ Graphite _ 

Exper,,  Calculr 


900 

0.275 

0.274 

0.0825 

0.0824 

1000 

0.265 

0.267 

0.0795 

0.0796 

1100 

0.256 

0.260 

0.0765 

0.0771 

1200 

0.251 

0.254 

0.0745 

0.0749 

1300 

0.245 

0.249 

0.0728 

0.0730 

1400 

0.242 

0.242 

0.0714 

0.0714 

1500 

0.238 

O.23B 

0.0705 

0.0700 

1600 

0.234 

0.233 

0.0693 

0.0689 

1700 

0.230 

0.228 

0.0685 

0.0682 

1800 

0.228 

0.226 

0.0680 

0.0678 

1900 

0.225 

0.222 

0.0677 

0.0676 

2000 

0.222 

0.219 

0.0675 

0.0675 

2100 

0.218 

0.217 

— 

- 

2200 

0.216 

0.215 

- 

- 
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Conclusions 


1.  The  described  installation  allows  to  determine  In  an  Independent  way,  in 
one  and  the  very  same  conditions  with  svifficient  deprree  of  accuracy  the  beat 
and  elc>TO-conduction  of  metals  and  alloys  4n  a  wide  ran^e  of  temperatyres . 

2.  The  heat  conduction  coefficients  of  tvin^rsten  and  graphite  decrease  with 
the  rise  in  temperature,  and  their  pro'-ros.  ion  is  well  described  by  curves  of 
the  second  mamitude  over  the  entire  investirrated  ranpe, 

3«  The  Lorentz  number  for  tunpsten  in  the  ranpe  of  teriperatures  of  900-2200”  C 

are  above  the  theoretical  value  and  depends  loosely  upon  temperature. 
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